Objective: To estimate sensitivity, specificity, positive and negative predictive values (PPV, NPV) of insulin-like growth factor binding protein-1 (phIGFBP-1) test in predicting preterm delivery in women with symptoms of preterm labor. Secondary objectives were to compare test characteristics of the phIGFBP-1 and fetal fibronectin (fFN) tests.
Introduction
Preterm birth is a growing entity and the single most important contributor to perinatal mortality. 1 Prematurity is also a major source of morbidity, with overwhelming long-term disability and economic consequences. 1 Although management of threatened preterm labor may include administration of tocolytics, corticosteroids and tertiary hospital transfer, only in retrospect can the diagnosis of true or spurious labor be established. Consequently, unnecessary and costly patient transfers, hospital admissions and medication administrations result. 2, 3 There is need to improve the accuracy of diagnosing preterm labor. Early cervical changes as revealed by ultrasound and biochemical findings in cervical secretions have been investigated. The former is restricted by the need for skilled operators and advanced ultrasound equipment. 4 Similarly, the 'gold standard' for biochemical markers, fetal fibronectin (fFN), is expensive and contraindicated in the setting of recent vaginal examination or sexual intercourse. 5 Insulin-like growth factor binding protein-1 (phIGFBP-1) is a phosphorylated protein synthesized in the uterine decidua. Disruption to the choriodecidual interface results in elevated levels in cervical secretions. Potentially contaminating body fluids with fFNFsuch as semen and urineFcontain only trace quantities of phIGFBP-1. 6 A commercial bed side test kit is available to detect phIGFBP-1 in the cervical secretions of women presenting with threatened preterm labor. The Actim Partus test (Medix Biochemica, Kauniainen, Finland) is an immunochromatographic dipstick test based on monochromal antibodies for phIGFBP-1. The test is similar in principle to a urine pregnancy test and does not require technical expertise. The cost per test is approximately one quarter that of fFN.
At the time we designed our study, data validating phIGFBP-1 as a marker for preterm labor was limited by a paucity of studies, as well as variability in study designs and eligibility criteria. Nonetheless, available research suggested that a negative phIGFBP-1 test would rule out imminent delivery in B90 to 95% of patients. [7] [8] [9] [10] [11] The negative predictive value (NPV) of phIGFBP-1 was therefore felt to be comparable to fFN, although there was little evidence directly comparing the two tests in the same population. 12 Our prospective cohort study set out to examine the sensitivity, specificity, positive predictive value (PPV) and NPV of phIGFBP-1 test in predicting preterm delivery in women with symptoms of preterm labor. Secondary objective was to compare the test characteristics of the phIGFBP-1 and fFN tests.
Methods

Population studied
Pregnant women were eligible to join the study if they attended the Foothills Medical Centre or Peter Lougheed Centre labor and delivery units with symptoms of preterm labor (symptoms of uterine activity judged by the assessing physician to be indicative of preterm labor) at 24 0 to 34 6 weeks gestation. Women were excluded if they had ruptured membranes, antepartum hemorrhage, active labor and suspected chorioamnionitis (defined by fever, abdominal pain, leukocytosis). Women who could not have a fFN test because they had a digital exam or sexual intercourse in the past 24 h were eligible to join the study and had an phIGFBP-1 test, as described by the manufacturer.
Procedures carried out
Consenting women were treated according to usual hospital protocol, with the addition of a vaginal swab taken for phIGFBP-1. According to the hospital fFN protocol, patients underwent a sterile speculum examination. At that time, swabs for both fFN and the phIGFBP-1 test were taken from cervical secretions in the posterior vaginal fornix and external cervical os, respectively. A digital examination was also performed, and cervical dilation and effacement were recorded. The standard of care for fFN was to hold the swab for 1 h: in cases of unequivocal progression to labor the fFN swabs was discarded. fFN tests were read by laboratory personnel as per the current standard.
The phIGFBP-1 test specimens were prepared by swirling the Dacron swab in a tube of extraction medium. Specimens were then frozen according to the instructions of the manufacturer (Medix Biochemica) for later testing by the study research nurse in the Department of Obstetrics and Gynaecology (blinded to the fFN result). The results of phIGFBP-1 tests were unknown to the clinical or nursing staff involved in the care of the patient.
The phIGFBP-1 test was analyzed according to the instructions of the manufacturer (Medix Biochemica) by thawing the frozen sample, and then placing the immunochromomatographic dipstick in the extraction medium until the liquid reached the result area. The dipstick was then removed, placed in the horizontal position and read. A positive test (equivalent to >10 mg l À1 ) was read as two blue linesFa control line and a positive line in the result area. If after 5 min the positive line was not visualized, the test was considered negative.
Data collection
Standardized data collection forms were used to collect all study data.
At baseline, information was collected about the characteristics of the women, including pregnancy history, and gestational age (GA) of the pregnancy. GA was determined by last menstrual period and/or first trimester ultrasonography (reported in the patient chart). GA at baseline was used to calculate GA at birth, in order to avoid any bias from later determining GA at birth. The results of the first and second cervical exams were documented. The fFN test result was recorded from the patient chart.
Data on the subsequent course of pregnancy were extracted from the maternal and neonatal charts after the mother and her baby were discharged from hospital.
Main data items
The main data items were defined as follows:
phIGFBP-1 test: positive (X10 mg l À1 ) versus negative (<10 mg l À1 ) test, as recommended by Lembet et al. 11 and the manufacturer of the test (Medix Biochemica). fFN test: positive (X50 ng ml À1 ) versus negative (<50 ng ml À1 ), as defined by the manufacturer (Adeza Biomedical Corporation, Sunnyvale, CA, USA). GA at delivery: defined as premature (<37 weeks) 13 versus not premature (X37 weeks), based on the assessment of GA at baseline. The use of cut-off of GA at 37 weeks was based on review of other studies of phIGFBP-1 and fFN test characteristics.
Statistical considerations: data analysis and sample size Analyses were carried out using SAS (version 9.2, SAS Institute, Cary, NC, USA). Descriptive statistics were calculated as appropriate for baseline and outcome data.
Estimating the study results for the primary question involved calculating the sensitivity, specificity, PPV and NPV and likelihood ratio positive (LR þ ) and negative (LRÀ) for the phIGFBP-1 test (plus 95% confidence interval (CI) for each), in identifying women who deliver at <37 weeks (primary outcome), and for delivery within 7 and 14 days of the test. Similar tests of sensitivity, specificity, PPV, NPV, LR þ and LRÀ were also calculated for the fFN test.
For comparing of the results of the phIGFBP-1 test and fFN test, data were analyzed only for women who had both tests done.
Comparisons examined the overlap of 95% CIs of sensitivity, specificity, PPV, NPV, LR þ and LRÀ for the two tests. A paired analysis was carried out using the McNemar test to estimate agreement between the two test results.
A sample size calculation before our study based on the primary study question established that a sample of 360 women, and assuming that data would be unavailable for 30% of cases, meant that a sample of 250 cases would provide useful estimates of sensitivity, specificity, PPV and NPV. For example the a priori estimate of NPV was 0.89, and the estimated 95% CI was 0.85 to 0.93: the lower 95% CI estimates were considered to include clinically useful values.
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Results
Consenting women provided 366 swabs for the study from October 2005 to May 2009: 15 swabs were excluded because they were collected outside the eligible GA, and two because women were mistakenly entered twice in the study. The characteristics of the 349 included women are shown in Table 1 . Median GA at the time of recruitment was 29 6 weeks (interquartile range 4 6 weeks). phIGFBP-1 swabs were negative for 258 (73.9%) women. fFN swabs were negative for 260 (74.5%) and not done, either because of ineligibility for swab, or discard of swab following clarification of clinical status, for 61 (17.5%). Table 2 shows the delivery characteristics and neonatal outcome. Outcomes were available for all women. The median GA at delivery was 39 1 (interquartile range 2 3 ), with 57 (16.3%) women delivering at <37 weeks gestation, 6 (1.7%) within 7 days and 9 (2.6%) within 14 days of the initial test. The majority of women had a spontaneous vaginal delivery (182, 52.1%). The median birth weight was 3208 g (interquartile range 712), and 295 (79.7%) neonates went to a newborn nursery. Table 3 shows the sensitivity, specificity, PPV, NPV, LR þ and LRÀ for delivery <37 weeks gestation, the primary outcome, for the phIGFBP-1 test. The results were: sensitivity 0.39 (95% CI 0.26 to 0.51); specificity 0.76 (0.72 to 0.81); PPV 0.24 (0.15 to 0.33); and NPV 0.86 (0.82 to 0.91). Table 3 also shows sensitivity, specificity, PPV and NPV for delivery within 7 and 14 days of the index phIGFBP-1 test. The results for fFN are shown in Table 4 . Both tests have high NPVs for each of these outcomes, but sensitivity is poor for both tests. Table 5 shows the comparison of test characteristics between fFN and phIGFBP-1 swab results in predicting preterm births (<37 weeks) for those who had both the phIGFBP-1 and fFN swabs. fFN is marginally more specific and better at predicting positive outcome than phIGFBP-1, but there is not a significant difference for sensitivity or NPV. Table 6 examines the agreement between phIGFBP-1 and fFN test results within subjects, finding that for individual patients the phIGFBP-1 swab was more likely to give a positive result than fFN swab: 28.1 versus 9.7%, P<0.001.
Discussion
Our study, undertaken in 349 women attending a labor and delivery unit with symptoms of preterm delivery, between 24 0 and 34 6 weeks gestation, found that the sensitivity of phIGFBP-1 test in predicting preterm delivery at <37 weeks gestation was 0. 39, specificity 0.76, PPV 0.24 and NPV 0.86. The results were similar for predicting birth within 7 and 14 days. That is, the test was relatively specific and predicted the majority of women who would not go on to deliver a preterm infant. In our study, the NPV of phIGFBP-1 did not differ greatly from that of the fFN test. 
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A review of the medical literature found 13 studies that reported sensitivity, specificity, PPV and NPV (with or without LRÀ and LR þ ) of phIGFBP-1.
8-12,14 -21 (Supplementary material). The published reports vary widely, in terms of study size (from 36 to 349 women with symptoms of preterm labor), the definition of symptomatic preterm labor, and the prevalence of preterm labor (from 4.1 to 50.0%), making it difficult to comment on differences and similarities between studies. In general, sensitivity was found to be less than specificity, and NPV was higher than PPV. Few LR þ and LRÀ tests were reported, but suggest that phIGFBP-1 is not a highly relevant clinical test.
In a recent review of fFN testing, the current 'gold standard' biochemical test for predicting birth within 7 days, the authors also found it difficult to compare the results of different studies. 22 They reported that the sensitivity, specificity, PPV and NPV vary according to the prevalence of outcome, size of study and patient inclusion criteria (for example, using symptoms or cervical length as the inclusion criteria). Other characteristics, such as date of testing, other interventions (for example, tocolysis) and blinding of test result also affected test results. Despite the problems with comparing the studies they identified, the authors of the review came to the conclusion that fFN testing was of limited value as a short-term predictor of preterm birth in symptomatic patients. 22 Unfortunately, the review did not address the utility of the fFN test in excluding women who would not go on to deliver prematurely (that is, the NPV).
In addition to our study, three small studies have made withinpatient comparisons of phIGFBP-1 testing and fFN testing in women with symptoms of preterm labor. In a prospective study undertaken in the Singapore, 94 women presenting with symptoms of preterm labor at 24 to 34 weeks gestation were recruited, and bedside tests for phIGFBP-1 and fFN were carried out, with clinician and patient blinded to test result. Both phIGFBP-1 and fFN had high NPV in predicting birth within 48 h, 7 and 14 days. The authors commented that both bedside tests were effective for the Abbreviations: CI, confidence interval; LR, likelihood ratio; NPV, negative predictive value; phIGFBP-1, insulin-like growth factor binding protein-1; PPV, positive predictive value. Abbreviations: CI, confidence interval; fFN, fetal fibronectin; LR, likelihood ratio; NPV, negative predictive value; PPV, positive predictive value.
Diagnostic accuracy of phIGFBP-1 testing S Cooper et al prediction of preterm delivery. 12 In a Turkish prospective study of 51 women with regular uterine contractions tested between 24 and 35 weeks gestation, sensitivity, specificity PPV, NVP, LR þ and LRÀ for delivery <35 weeks and delivery within 7 days were approximately equivalent for phIGFBP-1 and fFN tests. The ability of both tests to predict early delivery was improved when combined with a cervical length of <25 mm. 18 A final recent Canadian study conducted both phIGFBP-1 testing and fFN testing on 62 women with a clinical diagnosis of preterm labor between 24 and 34 weeks. fFN test result was known by clinical staff, but they were blind to phIGFBP-1 result. The study reported very poor sensitivity and PPV for phIGFBP compared with fFN testing for delivery within 2 weeks, <34 and <37 weeks, although specificity and NPV were similar for the two tests. 15 Audibert et al. 15 pointed out that their study was small and stressed the need for adequately powered prospective studies to investigate phIGFBP-1 as a marker of preterm delivery. Our much larger study (n ¼ 349) used a study design similar to Audibert's in that the labor and delivery staff were blinded only to the phIGFBP-1 test result. This should, if anything, produce more favorable findings for fFN testing (as found by Audibert) because the result of the test would be expected to contribute to the clinical management of individual women, including hospital admission, transfer or administration of medication. Results of phIGFBP-1 testing could not contribute to clinical decisions because the results were unknown to clinical staff. In our study, differences were not found between the results of tests for birth <37 weeks, or <7 or 14 days. Thus, studies in which phIGFBP-1 and fFN tests results are directly compared, despite significant differences in design, are consistent in finding that NPV, the characteristic of testing that is considered most useful in supporting clinical decision-making, does not differ significantly between phIGFBP-1 and fFN testing. Unfortunately, sensitivity, another clinically important test characteristic, is poor for both phIGFBP-1 and fFN testing.
The utility of tests for preterm labor lies in being able to identify women who will not go on to deliver early. A negative test would be used to avoid unnecessary treatments, such as tocolysis, magnesium sulfate and steroids, and could avoid protracted hospital stays. 6 In particular, such a test could be of particular utility in rural and remote areas to prevent the unnecessary and distressing transport of women away from their homes. 23 Published research about phIGFBP-1 is consistent in reporting that the test will identify the majority of women who will not have a preterm birth (Table 6) , although a negative test will not exclude every woman who will go on to deliver preterm.
Given the similarity between phIGFBP-1 and fFN in predicting which women will not have a preterm birth, authors have highlighted the benefits of phIGFBP-1. Unlike fFN, phIGFBP-1 testing is not affected by urine or seminal plasma, and therefore can be used after recent sexual intercourse or in the presence of urine. 6, 22 The cost of the phIGFBP-1 is less than the fFN test. 10, 18 In our health zone, where at present B720 fFN tests are processed by the laboratory service each year, the use of phIGFBP-1 bedside testing 870 women (substituting for fFN, plus use in additional women who had a recent vaginal exam or sexual intercourse as recommended by the manufacturer), would save approximately $70 000 per year in testing costs. A full economic evaluation would be needed to determine whether this strategy would be cost-effective from a health service perspective. From both methodological and clinical points of view, it is important to consider whether testing, either for phIGFBP-1 or fFN, offers an increase in diagnostic accuracy beyond clinical assessment. To assess this, the pre-and post-test probabilities should be compared. In our study, the pretest probability of not having a preterm delivery, or NPV, was 84% (292/349). The posttest negative probabilities for the phIGFBP-1 test and the fFN test were 86% (95% CI 82 to 91%) and 88% (95% CI 84 to 92%), respectively. This minimal change in negative probability from pre to post test is not clinically important. Our results are similar Abbreviations: fFN, fetal fibronectin; phIGFBP-1, insulin-like growth factor binding protein-1. Analysis was restricted to women who had both tests done.
Diagnostic accuracy of phIGFBP-1 testing S Cooper et al to another study that examined the added value of either phIGFBP-1 or fFN in women with preterm labor. In that study, the pretest probability of not delivering at < 37 weeks was 70% 15 and the post test NPVs were 65% for phIGFBP-1 and 65% for fFN. Therefore, it appears that adding either test to the clinical assessment of patients with symptoms of preterm labor, did not increase the ability to correctly identify women who would not have a preterm birth. This finding could explain why fFN has failed to change clinical practice in studies where clinicians were randomized to know the test results of fFN tests versus being blinded to the results. [24] [25] [26] Further research is clearly needed to identify a test that would be more effective than either phIGFBP-1 or fFN in correctly identifying women who will not deliver preterm or within a defined period. Until the time when a better test is available, institutions and clinicians must decide whether the use of either test is clinically justified in women with symptoms of preterm labor.
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